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ultrahigh  resolution  neutral  atom  lithography. 


CO 

Oi 


14.  SUBJECT  TERMS 

Position  Measurement,  Atoms,  Resonance  Imaging 

15.  NUMBER  OF  PAGES 

S 

16.  PRICE  CODE 

17.  SECURITY  CLASSIFICATION 
OF  REPORT 
UNCLASSIFIED 

18.  SECURITY  CLASSIFICATION 

OF  THIS  PAGE 
UNCLASSIFIED 

19.  SECURITY  CLASSIFICATION 

OF  ABSTRACT 
UNCLASSIFIED 

20.  LIMITATION  OF  ABSTRACT 

UL 

NSN  7540-01-280-5500 


Standard  Form  298  (Rev  2-89) 

Prescribed  by  ANS»  Sid  2J9-i8 
298  102 


27766-PH 


DTIC  QUAJ-ii'Y  INSFECTSt  i 


FINAL  REPORT 
FIFTY  COPIES  REQUIRED 


Acce-ion  for 

NTlS  C'^Ai-l 
Di'iC  7 

U!'.1'''.  OL.. 


1.  ARO  PROPOSAL  NUMBER:  27766-PH 

By 

Di.t-  ibt. 

2.  PERIOD  COVERED  BY  REPORT:  7  May  1990  -  30  June  1993 

ii<zr,  / 

3.  TITLE  OF  PROPOSAL:  Uncertainty  Limited  Atomic  Position  Mea- 

AvaiiaL;!  :: 

1  Cade 

surement  Using  Optical  Fields 

Dist 

M 

Avail  a 

irui ;  of 

4.  CONTRACT  OR  GRANT  NUMBER:  DAAL03-90-G-0114 

5.  NAME  OF  INSTITUTION:  Duke  University 

Spe 

ciat 

6.  AUTHORS  OF  REPORT:  J.E.  Thomas 


7.  LIST  MANUSCRIPTS  SUBMITTED  OR  PUBLISHED  UNDER  ARO  SPONSOR¬ 
SHIP  DURING  THIS  REPORT  PERIOD,  INCLUDING  JOURNAL  REFERENCES: 


See  attached  pages. 

8.  SCIENTIFIC  PERSONNEL  SUPPORTED  BY  THIS  PROJECT  AND  DEGREES 
AWARDED  DURING  THIS  REPORTING  PERIOD: 

J.E.Thomas 

G.  R.  Welch  (Postdoctoral  Associate) 

L. -J.  Wang  (Postdoctoral  Associate) 

J.  R.  Gardner  (Graduate  Student,  Ph.  D.  received,  May,  1993.) 

M.  Marable  (Graduate  Student) 

T.  Savard  (Graduate  Student) 

9.  REPORT  OF  INVENTIONS  (BY  TITLE  ONLY): 

“Position  Measurement  of  Moving  Atoms  using  Optical  Fields,”  U.  S.  Application 
No.  07/957,431,  Filed  October  6,  1992.  (Duke  File  No.  00799). 


1 


BRIEF  OUTLINE  OF  RESEARCH  FINDINGS 


During  the  period  of  this  research,  we  have  investigated,  for  the  first  time,  the 
application  of  resonance  imaging  in  very  large  potential  gradients  to  measure  the 
position  of  moving  atoms  in  beams  with  extremely  high  spatial  resolution.  Briefly, 
the  method  employs  Raman  transitions  between  two  long  lived  sublevels  of  the  atomic 
ground  state  of  152Sm.  The  initial  atomic  state  is  populated  while  the  final  atomic 
state  is  initially  emptied  by  optical  pumping.  A  potential  with  a  large  gradient  along 
one  axis,  x,  shifts  the  energy  of  the  final  state  and  therefore  correlates  the  resonance 
frequency  of  the  Raman  transition  with  the  atomic  position.  If  an  atom  makes  a 
transition  to  the  final  state,  it  must  have  been  located  near  the  point  where  the 
transition  frequency  is  tuned  into  resonance  with  the  applied  Raman  fields.  Atoms 
which  make  a  transition  to  the  final  state  are  subsequently  detected  by  resonance 
fluorescence.  Hence,  a  plot  of  the  resonance  fluorescence  intensity  versus  the  Raman 
transition  frequency  yields  the  spatial  distribution  along  the  x  axis  for  atoms  in  the 
initial  state. 

Experiments  were  performed  first  with  a  magnetic  field  gradient  which  spatially 
tuned  the  Raman  transition  frequency  at  a  rate  of  109  Hz/cm.  This  experiment 
yielded  a  spatial  resolution  (Half  width  at  1/e)  of  1.7  microns.  This  resolution  is 
in  excellent  agreement  with  the  ideal  value  predicted  for  the  potential  gradient  and 
atomic  beam  collimation  employed  in  the  experiments.  Later  experiments  employed 
a  spatially  varying  light-shift  of  the  Raman  transition  frequency.  This  was  generated 
with  a  1  cm  diameter  laser  beam  focused  with  a  cylindrical  lens,  so  that  a  tight 
focus  was  achieved  perpendicular  to  the  atomic  beam.  In  this  case,  a  spatial  tuning 
rate  of  1.16  x  lO10  Hz/cm  was  achieved  and  suboptical  wavelength  spatial  resolution 
of  200  nanometers,  with  a  few  percent  linearity  over  several  microns  was  obtained. 
Centroids  of  narrow  atomic  spatial  distributions,  which  were  created  and  measured  in 
the  experiments,  were  determined  with  ±20  nanometer  accuracy.  Again,  the  ulimate 
spatial  resolution  obtained  is  in  excellent  agreement  with  the  ideal  value  predicted 
for  the  conditions  of  the  experiments. 

Ultimately,  it  is  expected  that  with  single  atom  detection  and  still  larger  potential 
gradients,  uncertainty  principle  limited  spatial  resolution  of  a  few  nanometers  can  be 
obtained  using  the  resonance  imaging  method. 

In  addition  to  these  experiments,  new  experiments  have  been  started  which  in¬ 
vestigate  the  use  of  resonance  imaging  in  a  magnetic  field  gradient  to  characterize 


2 


the  spatial  patterns  created  in  an  atomic  interferometer.  Ultimately,  it  is  expected 
that  the  resonance  imaging  method  will  play  an  important  role  in  charaterizing  atom- 
optical  elements. 


Technological  Applications 

Optical  manipulation  of  atomic  wavefronts  currently  is  being  explored  as  a  means 
of  direct  writing  neutral  atom  lithography  by  a  number  of  groups  in  this  country  and 
abroad.  The  suboptical  wavelength  atom  imaging  methods  which  have  been  devel¬ 
oped  as  a  primary  part  of  this  research  will  be  important  for  a  variety  of  applications 
to  novel  microfabrication  methods  including: 

i)  characterization  of  neutral  atom  beams  which  are  transversely  cooled  and  focussed 
by  optical  methods. 

ii)  development  of  “adaptive”  atom  optics  based  on  position  dependent  depletion  of 
atomic  wavefronts-  on  a  suboptical  wavelength  scale. 

iii)  development  of  suboptical  wavelength  scale  “position  dependent  chemistry,”  by 
combining  state  selective  chemical  reactions  with  techniques  of  state  selective  atomic 
localization. 

In  addition  to  these  applications,  it  has  been  suggested  to  us  recently  that  the 
Raman  induced  resonance  imaging  method  may  be  important  for  measuring  spatial 
correlations  in  flowing  systems.  In  a  supersonic  atomic  beam,  for  example,  the  last 
collision  which  occurs  for  pairs  of  atoms  just  before  exiting  the  nozzle  region  leaves 
them  highly  correlated.  Long  range  collisions  apparently  play  an  important  role, 
and  these  are  usually  neglected  in  treatments  of  the  flow.  The  resonance  imaging 
methods  which  we  are  developing  may  permit  measuring  position  distributions  in 
flowing  systems  with  high  spatial  resolution  and  without  disturbing  the  flow. 
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